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Introduction

Surface and groundwater dynamically interact at different spatial or temporal scales within a plain. Accurate
estimation of water balance components is an important simulation of such interactions. Despite the rapid
expansion of numerical models over the past two decades, there is still room for improvement for
comprehensive and integrated assessment as well as management of surface and groundwater resources. In
particular, the use of coupled surface and groundwater models is important to connect both surface and
groundwater, and for proper representation of the water balance in the unsaturated root zone. The results of
various studies suggest that the combination of SWAT and MODFLOW models can satisfactorily simulate
the interaction between surface and groundwater at different spatial and temporal dimensions (Sophocleous
and Perkins, 2000; Sun and Cornish, 2005; Bejranonda et al., 2007). Indeed, if both models are used
simultaneously, not only the limitations of the two individual models can be improved, but also the
temporal-spatial properties of the target area can be adequately reflected (Kim et al., 2008; Park and Bailey,
2017; Wei et al., 2018). Specifically in the Urmia Lake Basin, which has been severely affected by
indiscriminate exploitation of water resources, these models can be used to maximize the supply of Urmia
Lake based on the pattern of supplying irrigation needs from integrated water sources. This requires the
interaction of surface and groundwater resources in different locations of plains and aquifers to be simulated
and predicted based on different shares of agricultural water supply from integrated water sources.

The main purpose of this study was to evaluate the interaction between ground and surface water in
Mahabad plain using the coupled SWAT-MODFLOW-NWT model as a comprehensive and integrated
model. The main challenge in this study is the interaction and monitoring of water table adjacent to the
surface water bodies.
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Methodology

In this study, DEM SRTM map in 30 m scale was used to prepare groundwater maps and geometry of
Mahabad aquifer such as aquifer boundary, groundwater level, bed rock, etc. Monthly groundwater levels
measured data from 22 piezometer wells were used in the modeling during the simulation period. The
recharge values obtained from the SWAT model were introduced to the MODFLOW-NWT model for
simulating the water table level and groundwater balance components.

The active region of the MODFLOW-NWT model covers an area of about 253 Km?. Discretization of
MODFLOW-NWT model of Mahabad plain was done by creating a regular mesh of finite differences of
3348 cells with cell size of 500 m by 500 m with 1013 active cells. WEL package in MODFLOW-NWT
model was used to simulate groundwater pumping. ETS and RCH packages were used to simulate
evaporation from groundwater and groundwater recharge in the MODFLOW-NWT model, respectively.
The RIV package was employed to investigate the interaction between surface and groundwater resources.
In the MODFLOW-NWT model, the in- and outflow boundaries using variable hydraulic load (General
Hydraulic Boundary) were considered along with the boundaries without flow using specific hydraulic load
(Specific Head Boundary). To simulate the steady state, the measured water table of piezometer wells in
October 2009 was used. Finally, the coupled model was run for transient state for a period of ten
hydrological years (from the hydrological year of 2009-2010 to 2018-19).

Since the depth of the water table is monitored on a monthly basis, the modeling time step was also
considered as monthly. Calibration and validation of groundwater model were also done via trial and error
and using automatic PEST methods for six hydrological years from 2009-2010 to 2014-2015, plus four
hydrological years from 2015-2016 to 2018-2019, respectively. Hydraulic conductivity (K), transmissivity
(T), and specific yield (Sy) are the most important hydrodynamic coefficients controlling groundwater flow.
After the initial run of the model, the hydraulic conductivity (K) values were calibrated. In the next step,
the model was calibrated based on specific yield (Sy) using time-varying data including operation wells,
recharge, and observation wells for the transient state. The interactions between ground and surface water
for dry (2016-17), normal (2017-2018), and wet (2018-2019) years were evaluated. Also, areas with
potential for groundwater evaporation were identified.

Results and Discusspn

In the previous study (Raja et al., 2022), the results showed that the coupled model could well simulate
water table. The results of the model evaluation were satisfactory in calibration of the model for simulating
groundwater level and groundwater balance components.

Examination of groundwater level in the simulation time step (monthly) revealed that the error rate has
increased in some months such as October, April, May, June, and September. The reason for this
observation can be attributed to the sudden increase of water table in some observed locations along the
Mahabad river from the upstream floods, and subsequent local release of a large volume of water in the
river, leading to fluctuations in groundwater due to water leakage from the river to the aquifer. Also,
increased groundwater extraction has resulted in drop in groundwater level at some observed locations.
Thus, releasing a significant volume of water in a short period of time in the river or increasing the
extraction in a specific area would result in sudden changes in groundwater level in some modeling areas.
This elevation of the groundwater level causes increased error in simulation of piezometers records.
Moreover, it is not possible to accurately estimate and monitor in and outflow groundwater in boundaries.
As such, the errors in piezometers near the inlet and outlet boundaries of the aquifer have also increased.

Specifically, in this study, the interaction between surface and groundwater sources showed that the
interaction between the aquifer and the river was significant and varied in different hydrological years.
Streams connected to the main river of Mahabad, which mainly flow seasonally, contribute to the effect of
these flows on groundwater fluctuations in different locations of the plain. The interaction between surface
and groundwater sources mainly results in drainage from the aquifer by the river in dry, normal, and wet
years at the rate of about 30.25, 37.50, and 40.15 million cubic meters per year in the central and northern
areas of plain (Fig.1). These areas have an almost flat topography with a shallow depth of groundwater
level of 1 to 5 meters. This makes the rivers to act as drainage and lead to the discharge of groundwater;
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however, in the southern and Eastern parts of the plain, where the groundwater level is lower than other
areas, groundwater is recharged by the river. The values of recharge by the river in these areas in dry,
normal, and wet years were estimated at about 5.35, 7.95, and 9.60 million cubic meters per year,
respectively (Fig. 1).

Fig. 1- Recharge and drainage rate between river and aquifer for three water years 2016-17 (dry
year), 2017-18 (normal year) and 2018-19 (wet year)

On average, during the three hydrological years, the daily rate of evaporation from groundwater varies
from 0.01 to 0.51 mm/day. Examination of the distribution pattern of evaporation from groundwater
indicates that the evaporation from groundwater occurred mainly in the central and northern areas of the
plain and along the main Mahabad river. The evaporation rate from groundwater level diminishes in the
Eastern and southern parts of the plain. This pattern is largely consistent with the level and depth of
groundwater. Also, the results revealed that the area and rate of evaporation from the groundwater level in
wet year have been greater than in normal year and, in normal year have been higher than in dry year.

Conclusions

In recent decades, the water supply from groundwater resources has led to the development and
simultaneous use of both surface and groundwater resources. It is therefore important to study interactions
between surface and groundwater resources on temporal and spatial scales. The results of this study
revealed that the coupled SWAT-MODFLOW-NWT model could properly simulate the interaction
between surface and groundwater resources in different areas based on the different share of agricultural
water supply from both water sources. The results of this study can be used as a guide in the optimal and
sustainable use of surface and groundwater resources. So, the results demonstrate the extraction capacity
of the aquifer in the central and northern regions of the aquifer for irrigation. Indeed, it would also reduce
the share of evaporation loss. By maintaining proper groundwater level (in sustainable conditions), soil
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quality is also improved and as a result, the machinery operation is improved; however, there is a limit to
further extraction of groundwater around rivers. This is because in this area, there is possibility of
development of a reverse hydraulic gradient between surface and groundwater, and as a result, negative
effect of leakage from the river can take place. Indeed, adopting a proper pattern of both water resource
supplement in different years can ensure the stability of groundwater and improved release of surface water
flow to the lake.
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Fig. 2 — Data used in coupled SWAT-MODFLOW-NWT modeling structure
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3- a) Digital elevation model (DEM) with a scale of 30 meters, b) Location of piezometric wells, .Fig
¢) Inlet, outlet, impermeable boundaries, and groundwater contour lines, d) Location of wells, e)
Values Aquifer bedrock, f) Hydraulic conductivity values, g) Specific yield values and, h) Recharge
values.
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Fig. 4- Calculated error of water table level in piezometers in monthly time step
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Piezometer
Number UTMx UTMy Label RMSE (m)
Calibration  Validation
1 4084121 565370 Arazi_Darlak 0.11 0.14
2 4079903 566408 Arazi Daryaz 0.23 0.18
3 4081827 570032 Arazi_Gharekhan 0.28 0.29
4 4087701 564805 Arazi_Ghezelgapi 0.30 0.34
5 4090810 561637 Arazi_Kosekahriz 0.16 0.19
6 4089570 571027 Arazi_Gerdgeroy 0.26 0.39
7 4075860 567790 Egirghash 0.82 0.67
8 4084402 566404 Darlak 0.32 0.26
9 4084398 570884 Serah_hajikhosh 0.29 0.19
10 4085629 564340 Serah_ghezalgapi 0.15 0.15
11 4079685 569900 Fakhrighah 0.28 0.55
12 4082072 569686 Gharekhan 0.28 0.20
13 4092896 562336 Gharegheshlagh 0.45 0.23
14 4088748 564259 Ghezelgapi_Gharegheshlagh 0.32 0.36
15 4079890 568007 Ghomghaleh Koreh 0.27 0.40
16 4087884 560088 Koseh Kahriz 0.16 0.11
17 4094738 563231 Kohneh Deh 0.22 0.17
18 4088419 566322 Gapiss 0.46 0.45
19 4088046 571043 Gabazeleh 0.44 0.53
20 4088716 574129 Gerdgroy 0.53 0.28
21 4081507 571301 Gorgtapeh 0.44 0.33
22 4084408 568908 Lej 0.31 0.46
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